Results

145
HMR is cut by Ho in C. glabrata and the subsequent mating type switching relies on 146 homologous recombination 147 148
As previously described, expression of S. cerevisiae's HO gene in wild-type strains of 149 C. glabrata, leads to the death of about 99.9 % of cells and we found that both MAT and HML 150 are efficiently cut (22) . We further analyzed surviving colonies of HM100 (HMLalpha in our previous work (22) . 156 In order to identify the repair pathway involved in mating-type switching, we inactivated 157 RAD51 (CAGL0I05544g) in strain HM100 (Table 1) . Inducing the Ho DSB in this strain leads to the same cell mortality as in wild-type ( Fig 1) , but 164 no mating-type switching is detected at any MTL locus ( MATalpha and YL03-MATa, Table 1 ). Expression of HO in those strains leads to a lethality 181 similar to the one obtained in wild-type strains HM100 and BG87 (Fig 1) . Molecular analysis of surviving colonies shows that mating-type switching increases up to T=4 198 hrs ( Fig 2A) . These results show that cells cannot be saved by stopping Ho induction, even at 199 early stages of the experiment.
201
Lethality is not due to toxic recombinational repair intermediates 202 We wondered whether the fact that HMR is not on the same chromosome as HML and 203 MAT, contrary to S. cerevisiae, could be a cause for lethal rearrangements during DSB repair 204 at MAT. Alternatively, death could be a result of the degeneration of the mating-type switching 205 mechanism, for example by invasion of both HML and HMR by the two ends of the broken 206 MAT locus, leading to non-resolvable structures.
207
In order to test this, we constructed two strains in which MAT can be cut by Ho and can 208 only be repaired either by HML or by HMR (SL-CG8, HMLalpha-inc MATa Δhmr, and SL-209 CG9, Δhml MATa HMRalpha-inc, respectively, Table 1 ). Expression of the HO gene in both 210 strains leads a high lethality ( Fig 3A) , similar to the ones of the wild-type or YL03 strains. We 211 analyzed the molecular structure of the MAT locus in colonies from induction plates, by PCR 212 using primers specific of the mating-type carried by the MTL ("alpha" or "a", wt or inc, S2
213
Table and S1 Appendix). This allows the distinction of the original MAT locus from the repaired 214 locus that has become resistant to cutting. All surviving colonies tested exhibited mating-type 215 switching, whatever the location of the repair template (HML in strain SL-CG8 and HMR in 216 strain SL-CG9, Table 2 ). Thereby, the genomic localization and consequently the configuration 217 of the repair templates in C. glabrata is not the cause of lethality.
218
Donor preference in C. glabrata is biased towards HML 219 Donor preference in S. cerevisiae is a highly regulated mechanism which allows a 220 productive mating-type switching by promoting the use of the donor locus of opposite mating-221 type to repair the DSB at MAT (15). In order to know whether this preference was conserved in 222 C. glabrata, we performed a molecular analysis of the MAT locus after induction of Ho to reveal 223 which template was used for repair in strains that carry different and inconvertible mating-types 224 at HML and HMR, i.e.strains YL03-MATalpha and YL03-MATa (Table 1) .
225
Analysis of surviving colonies from strain YL03-MATa shows that 78 % display only the 226 alpha-inc information at MAT, 3 % display only the a-inc information at MAT, and 19 % show 227 both alpha-inc and a-inc information in the same colony (mixed colonies) ( Table 2 ). The latter 228 can arise if the DSB at MAT happens after the first cell division so that cells can repair the DSB, 229 independently, using either HMLalpha-inc or HMRa-inc. Such mixed colonies were sub-cloned 230 in order to get the ratio of cells that have used HML or HMR as template but we failed to isolate 231 MATa-inc sub-clones, indicating that the use of HMR is a very rare event (~3 %) ( Table 2) . MATalpha (Table 2) . Thus, in contrast to S. cerevisiae, HML is preferentially used as template 236 for repair in C. glabrata, whatever the mating-type at MAT.
238
Protecting the MAT locus from DSB is sufficient to restore viability 239 We then expressed HO in a strain in which only MAT is protected from the cut, while both 240 HML and HMR can be cleaved by Ho (Strain YL04, Table 1 ). In this strain, cell viability 241 drastically increases to ~20 %. Survival does not reach 100 % but is 2 000 times higher than in 242 the wild-type isogenic strain, HM100 (P-value<0.001, Wilcoxon test) ( Fig 1) . induced DSB ( Fig 3B) .
260
Induction on solid medium shows that 95 % of the cells are able to give rise to a colony, 261 as shown on Figure 3A . Furthermore, the very low lethality observed corresponds to the one 262 observed when CAS9 is expressed alone (without any gRNA) (26). We made sure that Cas9 by Cas9 and induction of mating-type switching (Table 3) . We also performed a time-course experiment with Cas9 in strain SL-CG9 ( Fig 2B) . This shows 275 that Cas9 induction in liquid medium only leads to a decrease of 20 % of the survival rate at 6 276 hrs. The survival rate then rises rapidly to become stable after 8 hrs of induction. Surprisingly, 277 contrary to what we observe in induction on plates, screening of mating-type switching at MAT 278 revealed that only ~20 to 36 % of surviving colonies have switched mating-type ( Fig 3B) . 279 These results show that the MAT locus can be cut and repaired by HR without any 280 accompanying high lethality. Mating-type switching is a highly regulated mechanism that relies on a chromosomal DSB.
285
DSBs are a major threat for genome integrity (27) . Repair of such damage is essential and can 286 be achieved through Rad51-dependent HR which involves many steps in order to succeed: 287 search for homology involving Rad51 and Rad52 in S. cerevisiae, copy on the donor locus and 288 displacement and resolution of the double Holliday junction (28). In S. cerevisiae, the DSB at 289 the MAT locus is repaired by HR using HMR or HML as template, depending on the original 290 mating-type of the cell. C. glabrata does not switch mating types spontaneously at high 291 frequency (20). We have previously shown that mating-type switching can be efficiently 292 induced in this yeast by expressing the HO gene from S. cerevisiae, but that it is lethal to most 293 cells (22) . Our previous work also showed that the HML locus is cut in C. glabrata; something 294 that never happens in wild-type strains of S. cerevisiae (22) . In this work, we aimed at 295 understanding the link between mating-type switching and cell death in C. glabrata. To this 296 end, we constructed strains with inconvertible Ho sites (inc) in which mutations have been 297 introduced precisely on the Ho site in such way that the Ho cut is prevented. We thus could 298 examine survival to individual DSB at the different MTL loci as well as knowing which MTL 299 has been used as template for repair. 300 We now show that HMR is also cut by the Ho endonuclease in C. glabrata, suggesting a 301 deficiency of silencing mechanisms at this locus. This assumption is supported by previous 302 studies that have shown that, in C. glabrata, HMR is not silenced at the transcriptional level, 303 and that subtelomeric silencing is less robust than S. cerevisiae's silencing mechanisms (29,30).
304
In S. cerevisiae, the donor preference mechanism ensures an efficient mating-type switching at 305 MAT by promoting the use of the template from the opposite mating-type, in repair (15). We 306 found, in C. glabrata, that whatever the mating-type at MAT, HML is preferentially used as 307 template for repair. This indicates that the donor preference from S. cerevisiae seems not to be conserved in C. glabrata and that the length of the sequence homology shared between the loci, 309 HML, MAT and HMR does not influence the use of the donor for repair of the MAT DSB. Along 310 with the fact that the C. glabrata endogenous Ho protein fails to induce efficient mating-type 311 switching (22), these results could indicate a degeneration of the mating-type switching system 312 in C. glabrata. This cannot be related to the content of C. glabrata's genome as it has retained 313 all the genes known to be involved in DSB repair in S. cerevisiae (31). However, it is 314 understandable that such a dangerous mechanism would be lost if it is not essential; as seems 315 to be the case in C. glabrata since no sexual cycle has been described in this species.
317
In our previous work, we hypothesized that multiple DSBs at the MTL loci would be 318 unrepairable and that this was the cause for lethality when mating-type switching is induced.
319
To prevent additional DSBs at HML and HMR and mimic S. cerevisiae's situation, in which 320 MAT is the only recipient of the Ho cut, we mutated the Ho site at both HML and HMR. We are 321 now able to demonstrate that one Ho-DSB at the MAT locus is sufficient to induce cell death at 322 a similar level to wild-type cells, thus invalidating our previous hypothesis. This means that, 323 even in the presence of two intact homologous sequences, the MAT locus is not able to repair 324 the break. More surprisingly, the DSB at MAT is only lethal when it is performed by the Ho surviving colonies tested on induction plates showed mating-type switching, suggesting that 335 the Cas9 cut at the MAT locus is highly efficient. In addition, this is true whatever the template 336 available for repair, HML or HMR. It thus demonstrates that both HML and HMR are accessible 337 repair templates for MAT, and that location of HMR on another chromosome than MAT does 338 not prevent its use as template, nor does it cause lethality. It also shows that the HR system in The HO gene from S. cerevisiae is cloned into the pCU-MET3 plasmid under the MET3 402 promoter (p7.1, S1 Table) (37) and protocol for solid induction is detailed in (22) . For time- Induction of mating-type switching by CRISPR-Cas9. 410 We used the inducible CRISPR-Cas9 system for C. glabrata from (26) through plasmid 411 pCGLM1. We cloned into pCGLM1 a sequence corresponding to a guide RNA (gRNA) 412 targeting the Ya sequence (S2 Table) , giving rise to plasmid pCGLM1-Ya2. 417 We mutated the Ho sites in the region known to be essential for Ho cutting in S. cerevisiae are detailed below. Primers and plasmids are listed in S2 and S1 Tables, respectively. Method 422 used to construct each strain is listed in S3 Table. 423 424
Construction of strains
Construction of PCR fragments and plasmids for pop-in 425
In order to integrate the URA3 marker at the targeted locus (pop-in), we amplify the URA3 426 gene from S. cerevisiae under its own promoter by PCR using primers Sc-URA3-F and Sc-427 URA3-R and, YEp352 as template. The PCR fragment is cloned into the EcoRV-digested 428 pBlueScript. Such cloning gives rise to pURA (S1 Table) .
429
To direct integration of the URA3 marker at the targeted locus, here the MTL loci HML, MAT 430 or HMR, the 5' and 3' flanking regions are added to the URA3 marker in multiple steps.
First, the Z sequence, shared by the three MTL loci, was amplified by PCR using primers 68/70 432 and HM100 strain DNA as template (S2 Table) . Primers 68 and 70 contain BamHI and EcoRI 433 restriction sites, respectively, to allow cloning of the Z PCR fragment upstream of the URA3 434 marker into pURA, giving rise to pZUA (S1 Table) . 435 Second, Ya and Yalpha sequences were amplified on strain HM100 by PCR, using primers 436 73/72 and 74/69 respectively (S2 Table) . Primers 73 and 72 contain HindIII and SalI restriction 437 sites, respectively, in order to clone the Ya PCR fragment downstream of the URA3 marker into 438 pZU, giving rise to pZUA (S1 Table) . The SalI restriction site was added to primer 69 and no 439 restriction site was added to primer 74 as the Yalpha PCR fragment already contains the HindIII 440 restriction site 38 bp from the 5' of the fragment. Thus, the Yalpha PCR fragment, digested by 441 both SalI and HindIII, was cloned downstream of the URA3 marker into pZU to give rise to 442 pZUAlpha (S1 Table) .
443
Amplification by PCR, using universal primers M13F/M13R, on the both pZUA and 444 pZUAlpha plasmids, leads to ZUA and ZUAlpha fragments, respectively. These fragments 445 have been used for targeting HML, MAT or HMR loci (S1 Table) and Ura+ transformants were 446 selected on SC-Ura. Correct integration of the fragment was checked by PCR.
448
Construction of plasmids and PCR fragments for pop-out 449
The URA3 marker is removed (pop-out) from the target locus by homologous 450 recombination with a DNA fragment derived from the upstream and downstream sequences of 451 that locus (S3 Table) .
452
In order to replace the wild-type Ho site in the different MTL loci, by the inconvertible-453 mutated Ho site, we constructed two plasmids; pZA-inc and pZalpha-inc (S1 Table) . The pZA- Determining the genotype at MTL loci. 522 The genotype of surviving colonies at each MTL locus is determined by PCR using specific 523 primers: the forward primer is located upstream of the locus (ensuring specificity of the locus 524 screened; HML, MAT or HMR) and a reverse primer located precisely on the Ho site (ensuring 525 specificity of the information carried by the locus; alpha or a and wt or inc) (S2 Table, S1 526 Appendix). We checked that the mutated Ho-sites, "alpha-inc" and "a-inc" are not cut since 527 we never observe switching at those loci (not shown). 
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Figure Captions
